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Abstract 
The catalysis of various granular activated carbons (GAC) was investigated with the combination of pulsed streamer 
discharge in the non equilibrium plasma water treatment reactor. The results showed that the removal efficiency of 
Methyl Orange (MO) could be increase significantly and the chemical oxygen demand (COD) can be removed 
effectually in the presence of GAC1 and GAC3 due to their catalysis and adsorption. The basic functional groups 
(BFG) on GAC surface displayed catalytic activity because the catalytic decomposition of ozone generated hydroxyl 
radicals in aqueous phase. The catalytic properties were favored by both the basicity of the carbon surface and the 
higher specific surface area (SBET) of carbon. 
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1. Introduction 
Some recent studies [1-3] have reported that activated carbon (AC) can accelerate ozone 
decomposition resulting in the formation of hydroxyl radicals. It is demonstrated that incorporated metal 
centers, electrons of the graphenic layers (basal plane electrons) and basic surface groups of the AC, are 
the main factors responsible for the decomposition of ozone at the AC surface [4-6]. Since liquid-phase 
corona discharge reactor can also be configured to produce ozone through injection of oxygen through a 
high voltage hollow electrode immersed in water [7], there may be an advantage of using AC in such a 
situation. Previous work has shown that the combination of aqueous-phase pulsed streamer-like corona 
discharge with suspended AC particles leads to enhancement of the overall removal of phenol compared 
to the pulsed corona discharge alone [8-9]. The combination of AC and potassium salts has been shown to 
affect the power waveform of the pulsed corona reactor [10]. A mathematical model accounting for 
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adsorption, mass transfer and surface reaction on AC has been developed [11]. However, the influence of 
chemical surface properties on the oxidation of adsorbed organic pollutants has not been analyzed.  
The objective of this research was to evaluate the combined action of pulsed streamer discharge with 
GAC  
 
 
 
 
 
 
 
 
 
 
 
MO was chosen as goal reactants because its structure belonged to azo dyes. 
2. Experimental 
2.1Experimental setup 
The experimental apparatus contain pulse power supply and non equilibrium plasma-based water 
treatment reactor. Voltage and pulse frequency range of the pulse power supply is 0-60 kV and 0-320 
pulses per second (pps), respectively. The detailed schematic of reactor is showed in Fig. 1. All the 
experiments were carried out in the batch reactor and the solution was prepared with deionized water with 
conductivity 15 μS/cm. The reactor was filled with 200 mL of MO solution with concentrations of 60 
mg/L and 1 g of GAC for each test. 
2.2Material and Analytical Approach 
All chemicals used in present study were obtained from Sinopharm Chemical Reagent Co., Ltd. MO 
(AR) was dissolved in distilled water to the required concentrations. Prior to use, the as-received 
commercial GAC, one coal-based granular activated carbon (GAC1) and two coconut shell-based 
granular activated carbon (GAC2 and GAC3) were sieved into a uniform size of 1-1.6 mm, thoroughly 
washed with distilled water, dried at 105 ℃ for 24 h and stored in a desiccator until use. The MO 
solutions concentration was determined using ultraviolet spectrophotometer (UV-762, Shanghai.) at 
wavelength λ = 465 nm quantitatively. Chemical oxygen demand (COD) was measured with a CM-02 
COD analyzer (Beijing Shuanghui Corp.) based on the method of acidic oxidation by dichromate. 
Figure 1.  Schematic of pulsed discharge reactor 
670  Yan-Zong Zhang et al. / Procedia Environmental Sciences 11 (2011) 668 – 673
Author name / Procedia Environmental Sciences 00 (2011) 000–000 
 
3. Results and discussion 
3.1Synergistic effect in combined treatment 
Fig. 2 depicted the results of corresponding adsorption kinetics of MO on GAC samples and pulsed 
discharge in absence and presence of GAC. It showed that the adsorption kinetics of MO on GAC2 was 
very slow because of its less V1 and V2, and the removal of MO was only 20.8% during 21 min of 
contact. Whereas, the adsorption was faster for GAC1 and GAC3 and, they exhibited similar adsorption 
behavior because of their more V1 and V2. The removal was 61.9% and 56.5% respectively after 21 min. 
The MO removal efficiency was 84% with pulse discharge treatment alone, while the combination of 
pulsed discharge with GAC1 or GAC2 and GAC3, the removal efficiency was increased to 96.3%, 92.0% 
and 95.4%, respectively. This indicates that the combined treatment has synergistic effect. For GAC1 and 
GAC3, the synergistic effect occurred in the first 9 min and the degradation efficiency achieved 90% and 
89.5%, however, which was only 53.8% in absence of GAC for the same processing time (9 min). The 
synergistic effect occurred in the first 12 min and the degradation efficiency achieved 82.8% for GAC2, 
however, only 65.7% of MO was removal in the same processing time for discharge alone. Some recent 
studies [1-3] have been reported that AC can accelerate ozone decomposition resulting in the formation of 
hydroxyl radicals. The decomposition of ozone in the presence of AC is a surface phenomenon. The 
higher the available surface area for ozone adsorption, the faster is the decomposition [12]. The greater 
activity of AC may be partly related to its greater volume of meso- and macropores; these large pores 
facilitate access of the ozone to the surface active centers of the carbon, which increases its activity in the 
ozone transformation process [13]. Because the surface area and pore volume differed slightly for GAC1 
and GAC3 (table 1), their degradation behavior were the same. The lower catalytic activity showed by 
GAC2 could be related to its small SBET, V1 and V2. 
3.2Catalysis of GAC in discharge process  
Sánchez-Poloet et al. [13] has addressed that the efficiency of transformation ozone into hydroxyl 
radicals is mainly related to the surface area, pore volume and basicity of the AC. In order to investigate 
the function of the BFG, decrease the influence of adsorption for pollutant as much as possible, a set of 
experiments was performed with addition of saturated GAC to the reactor. The test results were shown in 
Fig 3. It can be seen that the degradation behavior of MO was similar and the degradation efficiency was 
increased to 90.3%, 90.3% and 89.1%, which was increased by 6.3%, 6.3% and 5.1% respectively for 
GAC1, GAC2 and GAC3, as  
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compared to pulse streamer discharge alone. It shows that the saturated GAC samples have catalysis 
during pulse discharge process. Moreover, the catalysis keeps the same with content of their BFG (table 
1). The activity of all three GAC is due to the presence of BFG (e.g. pyrone or chromene) and/or 
graphene layers acting as Lewis bases and forming electron donor-acceptor complexes with H2O 
molecules [5]. Because these carbons have greater reducing properties, therefore, increasing the extent of 
ozone decomposition into highly oxidative radicals [5]. It also suggests minimal effects of acid groups on 
overall removal. 
It should be noted that the catalytic activity of virgin GAC is higher than saturated GAC because the 
BFG on  
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Figure 4.  Effect of various GAC on COD removal 
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Figure 2. Effect of various GAC on MO degradation 
Table 1 Textural and chemical characterisation of virgin GAC 
samples before and after discharge 
 
 SBET(m2/g)
V1 
(cm3/g)
V2  
(cm3/g)
Acid 
groups 
(μmol/g)
Basic 
groups
(μmol/g)
Virgin GAC1V 977 0.422 0.268 0.146 0.462
Used GAC1V 964 0.401 0.250 0.792 0.482
Virgin GAC2V 525 0.145 0.142 0.237 0.624
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Figure 3.  Effect of saturated GAC in the combined treatment 
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external surface of AC do work, which in internal surface is not used. Thus, one can say that the AC 
acts not only as an adsorbent, but also as a catalyst during pulse discharge [14]. Moreover, it is possible to 
conclude that basic carbon has a higher catalytic contribution. 
3.3COD removal during combined treatment 
Because the capacity to reduce COD in water is a parameter widely used to evaluate the purification 
efficacy of a water treatment system, so the evolution of COD concentration during the processes was 
also depicted to determine the removal of MO and its byproducts, as shown in Fig. 4. It shows that the 
COD removal increased linearly to 39% during pulsed discharge alone. The design of reactor is 
conducted to utilize high concentration of ozone produced in pulse discharge. Nevertheless, ozonation 
leads to the formation of oxidation by-products, which, apparently, are resistant to ozone attack 
preventing complete mineralization. This indicates that ozonation possess high efficiency for 
decolourisation but low efficiency in COD removal. Further, the best results are obtained when all three  
virgin GACs were used. The COD removal reaches 91%, 82% and 89% respectively for virgin GAC1, 
GAC2 and GAC3. The increase of COD removal in solution may be due to: (i) mineralization of more 
organic matter to CO2 by highly reactive species catalyzed by AC and (ii) the adsorption of oxidized by-
products from solution on AC. This fact is based on the analyzing of section 3.1. Fig. 4 also shows that 
the COD removal increase all the same after 12 min, this prove the inference of 3.1 is correct. Thus, it can 
be concluded that the textural property of AC is as important as chemical property in the course of 
transforming ozone into hydroxyl radicals. 
4. Conclusions 
The removal efficiency of MO can be increase significantly and the COD can be removed effectually 
in the presence of GAC1 and GAC3 through both the catalytic activity of GAC to mineralize organic 
matter and the adsorption of these organic compounds on GAC. The BFG on AC surface displays 
catalytic activity, probably by inducing ozone to generate hydroxyl radicals in aqueous phase. These 
catalytic properties seem to be favored by both the basicity of the carbon surface and specific surface area 
of carbon. 
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